This article describes novel methods for controlling of cell adhesion by using micro porous polymer films. Recently we found the highly ordered micro porous films were formed when poly(ε-caprolactone)(PCL) solution was cast on substrates at high atmospheric humidity.
Cell behaviors such as growth, apoptosis and differentiation are controlled by micro-patterned cell adhesive surface [1] [2] [3] . Therefore, micro-patterning of cell adhesive regions attracts much attention. A large number of methods for preparing micro-patterned cell adhesive surface have been developed by photolithography and related techniques [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
We have reported that micrometer size patterned polymer film (honeycomb film) can be prepared by self-organization [19] . The honeycomb film possessing a hexagonal array of micropores could be obtained by solution casting of various types of polymers on a solid substrate in a humid atmosphere. This method is simple and does not require special instrumentation in comparison with the photolithography method. Recently we reported that honeycomb film could be utilized for the micropatterned cell culture substrate [20] [21] [22] . The honeycomb film can modulate cell adhesion and concomitant behavior such as morphological change and expression of cell function [23] [24] [25] [26] . In order to elucidate the effect of honeycomb films as a scaffold for cell culture, the adsorbed proteins on honeycomb films under cell culture condition were observed. Since adsorption of proteins on substrates is thought to be an initial process for cell adhesion and growth, it is important to reveal the protein adsorption on honeycomb film. In this research, adsorbed proteins on honeycomb films were determined by immunostaining, and their topological structure were observed by confocal laser scanning microscopy.
Experiment
The honeycomb film was fabricated by applying a moist air to a spread polymer solution containing biodegradable polymers (poly(ε-caprolactone)(PCL)) 1 and an amphiphilic polymer (co-carboxyhexyl acrylamide (CAP)) 2 (10 : 1 wt%) (Scheme 1). A chloroform solution (5 mg/ml) containing PCL (MW=70,000-100,000) and CAP (MW=20,000) were used. Evaporative cooling lead to the formation of hexagonally-packed water droplets on the polymer solution.
The honeycomb structure with pore diameter of 5 μm and a wall thickness of 8 μm was prepared on disk-type cover grass (ø15mm) ( Figure 1 ). Flat films made from the same materials, were prepared as a reference. These honeycomb films and flat films were immersed in 1-propanol for 12 minutes to remove the CAP.
After conditioning (pre-incubation) of the honeycomb films and the flat films in for 72 h at 37 ˚C in 5% CO 2 atmosphere, adsorbed fibronectin-FITC and albumin-Texas red on the honeycomb films was observed in PBS by using confocal laser scanning microscope (FV-300, Olympus. Co., Tokyo, Japan). Fibronectin and albumin in the FBS previously were immunostained by anti-fibronectin FITC conjugate (Biogenesis Ltd., UK) and anti-albumin Texas red conjugate (Rockland immunochemicals, Inc., USA).
Porcine aortic endothelial cells (ECs, passage 2) were purchased from DAINIPPON PHARMACEUTICAL Co., Ltd. The honeycomb films and the flat films were insert to 24-well plates (IWAKI Microplate; IWAKI Glass Co., Funahashi, Japan). The ECs were used at passage 6 to seed the 24-well plate at a concentration of 1.5 × 10 4 cells/cm 2 (cells/ml) in 1 ml DMEM supplemented with 10% FBS and 1 % Penicillin-Streptomycin. After 24 h the ECs culture, the number on the each substrate was evaluated with the Cell Proliferation Reagent WST-1 (F.
Hoffmann-La Roche Ltd., Basel, Switzerland). All cell cultures were maintained in a humidified incubator at 37 °C in 5% CO 2 /95% air. Olympus. Co., Tokyo, Japan).
Results and Discussion
After 72 h conditioning, the fluorescence images of the adsorbed fibronectin-FITC and the albumin-Texas red on the honeycomb films and the flat films are shown in Figure 2 . The observation revealed that the fibronectins show characteristic adsorption behavior on the honeycomb film. However, the fibronectins (green points) hardly adsorbed on the flat films, the large amount of fibronectin adsorbed on the honeycomb film. Albumin (red points) adsorbed on the honeycomb film non site-selectively, while fibronectin mainly adsorbed on inside of honeycomb pores. It should be noted that clearly difference was observed for the adsorbed fibronectin structure between the honeycomb films and the flat films, although the surface chemical compositions are the same.
After 24 h incubation, the number of ECs on the honeycomb film was compared with that of ECs on the flat film ( Figure 3) . The cell number on the honeycomb films was nearly 4 times lager than that on the flat films. The honeycomb film is expected to be a good scaffold for an EC culture system, because the honeycomb film could accelerate the EC proliferation.
The cell proliferation is highly regulated by cell-adhesion behavior onto biomaterials.
Focal adhesion, which plays a crucial role in cell-adhesion behavior, is major cellular sites responsible for cell-protein attachment. The focal adhesion points (vinculin cluster) are mainly observed in inside of honeycomb pores (Figure 4a ). The site-selective distribution of focal adhesion points indicates that ECs adhere to adsorbed fibronectin molecules in the honeycomb pores. The morphology of focal adhesion points was clearly different between the honeycomb film ( Figure 4b ) and the flat film (Figure 4c) , it was suggested that the difference of cell proliferation properties between these films is caused by the difference of focal adhesion points.
The honeycomb film can control cell adhesion and proliferation by regulating the protein adsorption. This makes honeycomb film effective cell culture scaffold with high adhesion properties.
Conclusion
We reported that the site-selectively fibronectin adsorbed honeycomb film plays vital roles in cell adhesion and proliferation. The honeycomb film was demonstrated influencing cellular attachment and growth via the site-selective adsorption structure of fibronectin molecules. Hence, the honeycomb film could be an excellent scaffold with accelerating properties of cell adhesion and proliferation. These results indicate that a new method of controlling the protein adsorption, and, ultimately mediating cell adhesion and cell proliferation by using honeycomb film.
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